Saroei E., K. Cheghamirza, L. Zarei (2017): Genetic diversity of characteristics in barley cultivars. vol 49, no2,[495][496][497][498][499][500][501][502][503][504][505][506][507][508][509][510]. Knowledge of the genetic diversity is important to design appropriate selection criteria in the breeding programs. In this study, the genetic diversity of 42 Iranian and European barley cultivars was investigated with morpho-agronomic traits including phenological, physiological, morphological traits, grain yield and associated traits. Analysis of variance showed high variability among cultivars. The European cultivars Panaka, Aiace and Pariglia had the highest grain yield. The results of group comparisons indicated that the European cultivars produced higher grain yield (500.57 g/m 2 ) than the Iranian cultivars (445.50 g/m 2 ), but larger genetic diversity based on morpho-agronomic traits was observed among Iranian cultivars than European cultivars. Correlation analysis revealed the high significant correlations between grain yield with biological yield (0.92), straw yield (0.77), and number of spike per square meter (0.67). Based on the factor analysis, the six factors that justified 81.63 percent of the variations were identified. The first factor having the largest eigenvalue was identified as effective factor on the vegetative and reproductive growth. In path analysis, biological yield had the greatest effect on grain yield (0.906). Cluster analysis classified the cultivars in six groups and showed that genetic variation based on the all studied traits among the barley cultivars was not related to geographical location.
INTRODUCTION
Barley (Hordeum vulgare L.) is one of the oldest domesticated crops. It was domesticated about 10,000 years ago from it's a two rowed wild progenitor (H. vulgare ssp. spontaneum) in the region of the Middle East known as the Fertile Crescent (BADR et al., 2000) . Barley belongs to the genus Hordeum in the family Poaceae and tribe Triticeae. The tribe Triticeae consists of approximately 350 species. Genus Hordeum consists of about 32 species including the wild and cultivated one. The cultivated barley (Hordeum vulgare ssp. vulgare) is a diploid with 2n=2X=14 chromosomes (KUMAR et al., 2014) . In terms of global acreage and production, it is after wheat, rice and corn the world's fourth major grain (FAO, 2013) , and is second cereal after wheat in Iran (MOHTASHAMI, 2015) . It has superior nutritional qualities due to presence of beta-glucan (anticholesterol substance), acetylcholine carbohydrate substance which nourishes our nervous system and recovers memory loss, easy digestibility due to low gluten content and high lysine, thiamin and riboflavin render cooling effect in the body (YADAV et al., 2015) . Barley is regarded as one of the most tolerant crops to drought and alkaline soils and it has the highest water-use efficiency compared to other cereal crops but it is less tolerant to acid soils (USUBALIEV, 2013) . Diploid nature, short cell life, self-pollinating, exist of genetic variation among cultivated and related wild species and ease of hybridization are the factors that the barley has become a model experimental system for various researches (MATSUMOTO et al., 2011; KUMAR et al., 2014) . Knowledge of the extent and nature of genetic variation within cultivars and relationships between cultivars is momentous for find out the genetic variability accessible and utilization in breeding programs. Study the genetic diversity is the process that analyzes the variation among genotypes by a specific method or a combination of methods (IBRAHIM et al., 2011) . Several approaches exist to assay genetic diversity. One of the used techniques for assessment linear relationship between two variables is correlation analysis. The coefficient of correlation shows the variations of common traits interactions under study and does not imply causation (MOHTASHAMI, 2015) . Path analysis is one of the reliable statistical techniques which allow quantifying the interrelationships of different components and their direct and indirect effects on grain yield through correlation estimates (DRIKVAND et al., 2011) .
The aim of this study was to estimate and compare genetic variation among Iranian and European barley cultivars using morpho-agronomic traits. 
MATERIALS AND METHODS

Plant material
In the current study, forty two Iranian and European barley cultivars were investigated. Sixteen barley cultivars were provided by Dryland Agricultural Research Institute (DARI) of Iran and twenty six barley cultivars were obtained from Genomics Research Centre (CRA-GPG) of Italy. Details of the 42 cultivars are presented in Table 1 . This study was carried out as a randomized complete block design (RCBD) with three replications under rainfed condition. Each plot contained 5 rows with 22.5cm distance between rows and row length of 3m. Plant density was 350 seeds in square meter. Winter and spring sowing were carried out on November 6, 2013 and March 8, 2014, respectively. Five plants were randomly chosen from each plot to measure some of traits and also one m 2 of each plot was harvested on July 2014. The measured traits in barley involve morphological, physiological, phenological traits, grain yield and related characters. The investigated traits and their method of measurement are listed in Table 2 .
Statistical analysis
Analysis of variance, specific group comparisons, the least significant difference (LSD) test for mean comparisons and correlation analysis were down using SAS (Ver. 9.1), MSTAT-C (Ver. 2.10) and SPSS (Ver. 16.0.1, SPSS Inc) software. Cultivars Scirocco, Doria and Tidone were planted in one replication due to limitation in the number of seeds. Therefore, these cultivars were excluded for analysis of variance and mean comparison. Path analysis was performed based on logical relationships between GY and other traits to identify direct and indirect path coefficients. Factor and cluster analyses were assessed based on only 25 directly measured traits including flag leaf width (FLW), flag leaf length (FLL), excised leaf water retention (ELWR), relative water content (RWC), stomatal conductance (SC), maximum quantum yield of psII (FV/FM), soil and plant analyzer division (SPAD), weight of kernels per spike (WKPS), number of kernel per spike (NKPS), spike weight (SW), number of node (NN), plant height (Phe), peduncle length (PL), spike length (SL), awn length (AL), grain length (GL), grain width (GW), days to heading (DTH), days to anthesis (DTA), days to physiological maturity (DTPM), biological yield (BY), grain yield (GY), hectoliter weight (HLW), number of spike per m 2 (NSPm 2 ) and thousand kernel weight (TKW). Cluster analysis and factor analysis were performed using SPSS software (Ver. 16.0.1, SPSS Inc).
RESULTS AND DISCUSSION
Differences among barley cultivars in most traits
At the analysis of variance (data not shown), high significant differences obtained between cultivars for all investigated traits, except relative water content, maximum quantum yield of psII, stomatal conductance and excised leaf water retention. Minimum, maximum and other statistics of mean comparison are presented in Table 3 . Mean comparison indicated the European cultivars Panaka, Aiace and Pariglia had the highest yield (data not shown). Analysis of variance for specific group comparisons showed that significant differences were between Iranian and European cultivars for all measured traits except for harvest index, thousand kernel weight, spike yield index, stomatal conductance, days to anthesis, kernel filling period, kernel filling rate, peduncle length/ plant height and grain width. The mean of European cultivars was higher than the mean of Iranian cultivars for the traits such as biological yield, grain yield, straw yield, number of spike per m 2 and hectoliter weight (Table 4) . While, the Iranian cultivars had larger mean for the weight of kernels per spike, number of kernel per spike, spike weight, number of node, plant height and peduncle length. The average of some traits in two-row cultivars was significantly more than average of same traits in six-row cultivars. These traits are including biological yield, straw yield, number of spike per m 2 , kernel weight, hectoliter weight and kernel filling rate. 
Relationships among analyzed traits
Awareness of the relationship between different traits in breeding programs to improve the yield is important, because the one way choice for agronomic traits, regardless of other attributes will cause adverse results (JOUYBAN et al., 2015) . Simple correlations of grain yield and biological yield with the measured traits were calculated to identify and understand the relationships between traits (Table 5 ). The correlation analysis showed that grain yield had a significant positive correlation with biological yield, straw yield, number of spike per m 2 , days to anthesis, days to heading, days to physiological maturity, soil and plant analyzer division, harvest index, spike yield index, thousand kernel weight, peduncle length, plant height and peduncle length/ plant height. High correlation between grain yield and biological yield indicates that with increasing biomass grain yield was increased. The result of this research is consistent with SINEBO (2002) who reported that grain yield had the highest correlation with biological yield. Harvest index had a high significant positive correlation with grain yield and a non-significant positive correlation with biological yield. Grain yield had a highly significant positive correlation with the number of spike per m 2 that these results were also reported by MOHTASHAMI et al. (2015) . The significant positive correlation between peduncle length and plant height with grain yield is indicating the positive effect of these variables on grain yield. 
Description of variability of measured barley traits
The factor analysis was performed based on principal component analysis and using varimax rotation with eigenvalues greater than one. Factor analysis is an effective multivariate statistical method in reducing the volume of the data and getting the certain results of the data which showed high correlation between the primary variables (COOPER, 1983) . Six factors were account for 81.63 percent of the total variation (Table 6 ). Kaiser-Meyer-Olkin (KMO) value and Sphericity Bartlett test was listed in Table 7 . According to the formula F< (P+1)/2, (P and F represent the number of variables and factors, respectively), six selection factors correspond with the presented principles. Factor loadings greater than 0.5, regardless of the respective sign were considered as significant coefficients (TADESSE and BEKELE, 2001 ). Factor analysis revealed that the first factor which described 31.18% of the total variation had significant correlation with the days to heading, days to physiological maturity, days to anthesis, plant height, relative water content, spike length, soil and plant analyzer division, peduncle length, maximum quantum yield of psII and flag leaf length (Table 6 ). This factor was named the factor affecting vegetative and reproductive growth. The second factor included awn length, spike weight, weight of kernels per spike, number of kernel per spike, stomatal conductance, flag leaf width, number of node and number of spike per m 2 . The second factor which accounted for 22.85% of the total variation was named the factor affecting the properties of the spike and flag leaf. The third factor accounted for 10.94% of the total variance. This factor had a positive relationship with the thousand kernel weight, grain width and hectoliter weight and had a negative relationship with the number of kernel per spike. Accordingly, this factor named as a factor affecting the grain yield. The fourth factor which was named target factor, it explained 6.45% of the variations. This factor contained traits of grain yield, biological yield and number of spike per m 2 . The positive signs of these indicate the positive direction of the relationship between the factor and the variables. The fifth factor that justified 5.71% of the variations, called as factor affecting length. This factor included the grain length and peduncle length. With considering that excised leaf water retention, flag leaf width and flag leaf length had the highest loading factors in final factor, thus sixth factor called as a factor affecting characteristics of flag leaf. This factor justified 4.48% of the variations. 
Evaluation of causal relationships between the measured traits
Path analysis is a reliable statistical method, which provides tool to quantify the interrelationship of various grain yield components and indicates whether the influence is directly reflected in the grain yield or take some other path ways to produce an effect (SADEGHI et al., 2011; JANMOHAMMADI et al., 2014) . For path analysis the traits were selected based on the correlation coefficient and route based on logical relationships between them (Figure 1) . With respect to correlation coefficients and logical relationships, the traits were separated in two groups one including the traits with the primary effects on grain yield and the other traits with the secondary effects on GY via their effect on the primary traits. The results of path analysis were presented in Table 8 . In the primary level of grain yield, GY was affected by number of spike per m 2 , thousand kernel weight, and biological yield, each of them affected by another trait. Biological yield had the highest correlation coefficient and value of direct effect on GY, but its indirect effects through number of spikes per square meter and thousand kernel weight was negligible. Number of spikes per square meter had the highest positive indirect effect through biological yield. Similar results were reported by SEYED AGHAMIRI et al. (2012) who declared that the biological yield has the most direct and positive effect on grain yield. Thousand kernel weight had a low direct and negative effect on grain yield, but high and positive indirect effect through biological yield. The direct effect of biological yield and indirect effects through thousand kernel weight and number of spikes per square meter on grain yield caused an increase in grain yield. At the secondary level of grain yield, the direct effects of days to physiological maturity and straw yield on biological yield were investigated. The straw yield had the largest positive direct effect and days to physiological maturity through straw yield had the highest indirect effect on biological yield. So, the biological yield could be increased via straw yield and physiological maturity directly and indirectly. The path analysis at the secondary level of grain yield indicated grain width had the highest positive direct effect and kernel filling rate had the highest positive indirect effect through grain width on thousand kernel weight. The number of kernel per spike had negative and significant correlation with thousand kernel weight, while it had the negligible indirect effect on thousand kernel weight. This trait had the highest indirect negative effect through grain width on thousand kernel weight. It seems with regarding to constant other variables, with increase of this trait, thousand kernel weight has been decreased. In view of a significant positive correlation between grain width and thousand kernel weight and also positive direct and indirect effect, thousand kernel weights could be increased directly and indirectly through grain width.
Similarity of barley cultivars on the base of measured traits
Cluster analysis aims to detect homogeneous groups with large heterogeneity among them (GARCÍA-ESCUDERO et al., 2010) . Cluster analysis was performed on UPGMA method and based on square Euclidean distance matrix. According to the cluster analysis, 42 barley cultivars were classified into six separate classes (Figure 2) . Means of the traits per cluster are listed in Table 9 . Cluster 1 consisted of ten Iranian and four European cultivars which all of them were six-row cultivars expect cultivar Sirio. The first cluster was less than other clusters in terms of harvest index. Cluster 2 was the largest with eight Iranian and eleven European cultivars. All of them are six-row cultivars except cultivars Aras, Cometa and Airone. Cluster 2 had the highest number of kernel per spike, weight of kernels per spike, spike weight and plant height among the clusters. Cultivar Pariglia with the highest biological yield was alone in third cluster. Cluster 3 presented the high grain yield. Cluster 4 included two-row cultivars Panaka and Aiace that distinguished from other groups by having the highest grain yield, harvest index, thousand kernel weight, spike length, awn length, peduncle length and days to physiological maturity. Cluster 5 comprised the Iranian cultivars Fajr 30, Gorgan 4 and Afzal. These cultivars had the highest grain yield among Iranian cultivars. This cluster exhibited the high grain yield, biological yield, number of kernel per spike, weight of kernels per spike, harvest index and relative water content. Highest amount of excised leaf water retention, number of node and grain width were calculated in this cluster. Sixth cluster constituted European spring cultivars Doria and Tidone and Iranian winter cultivar Reyhan. This cluster had the lowest grain yield, biological yield, harvest index, number of spike per m 2 , weight of kernels per spike, flag leaf length, flag leaf width, soil and plant analyzer division, spike weight, plant height, spike length, awn length, peduncle length, grain length, grain width, hectoliter weight and days to physiological maturity. Cultivar Reyhan had the lowest grain yield, biological yield, number of spike per m 2 between cultivars. CONCLUSION Existence of significant differences in the most of the traits evaluated by analysis of variance revealed that these cultivars have the considerable potential to utilize in breeding programs. This result demonstrates that there was noticeable genetic diversity; therefore it could be used as suitable source for breeding programs. The results of the specific group comparisons showed that European cultivars had higher yield than Iranian cultivars, but larger genetic diversity among Iranian cultivars based on morpho-agronomic traits was observed than European cultivars.
The significant positive correlation between grain yield and the traits such as biological yield, straw yield and number of spike per m 2 , indicates these traits can be considered to increase grain yield under reinfed. It could be concluded that indirect selection based on traits that have positive and significant correlation with grain yield can be used.
The results of factor analysis revealed that the traits of related to the first factor (the factor affecting vegetative and reproductive growth) give rise to the most differences among investigated cultivars. According to the obtained results, selection based on first factor could be considered as the desirable criteria for selecting superior barley cultivars under field conditions. Path analysis corroborated the important role of biological yield on grain yield. It is concluded that, the direct selection for the maximum biological yield would enhance yield in barley. In totally, the results of this experiment revealed that the barley cultivars with high biological yield and number of spike per square meter are superior than other cultivars, and this should be considered in breeding programs.
In the current study, cluster analysis based on the assessed traits showed that cultivars were grouped in six clusters. According to the results of cluster analysis, genetic variation based on the all studied traits among the barley cultivars was not related to geographical location. The barley cultivars with same geographical location classified in the different groups according to grain yield. Every group could be represented by any individual belonging to that group; this will be useful in reducing the number of cultivars being tested in the next assessment.
GENETIČKI DIVERZITET SORATA JEČMA
Elahe SAROEI, Kianoosh CHEGHAMIRZA, Leila ZAREI Departman za poljoprivredu i oplemenjivanje biljaka, Razi Univerzitet, Kermanshah, Iran Izvod Poznavanje genetičkog diverziteta je od velikog značaja za dizajniranje odgovarajućih kriterijuma selekcije u oplemenjivačkim programima. U ovom radu, proučavan je genetički diverzitet sorata ječma (ukupno 42 iranske i evropske sorte), pomoću morfo-agronomskih svojstva, uključujući fenološka, fiziološka, morfološka svojstva, prinos zrna i druge povezane osobine. Analiza varijanse je pokazala visoku varijabilnost između sorata. Evropska sorte Panaka, Aiace i Pariglia imale su najviši prinos zrna. Rezultati grupnog poređenja ukazuju da su evropske sorte imale viši prinos zrna od iranskih, koje su pokazale veći diverzitet na osnovu morfo-agronomskih osobina. Korelaciona analiza je pokazala značajne korelacije između prinosa zrna i biološkog prinosa (0.92), prinosa slame (0.77), i broja klasova po kvadratu (0.67). Na osnovu faktorske analize, izdvojeno je šest faktora (sa 81.63% varijacije). Prvi factor sa najvećom eigen vrednošću je izdvojen kao značajan za vegetativan i reproduktivan porast. Path analiza je pokazala da je biološki prinos sa najvećim uticajem na prinos zrna (0.906) Klaster analiza je grupisala sorte u šest grupa i pokazala da genetičke varijacije zasnovane na svim proučavanim svojstvima sorata ječma nisu povezane sa geografskim poreklom.
